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Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086, 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

Programmable Data Transfer Rate 

Complete Source and Acceptor 
Handshake 

Complete Talker and Listener 
Functions with Extended Addressing 

Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

Selectable Interrupts 

On-Chip Primary and Secondary 
Address Recognition 

Automatic Handling of Addressing and 
Handshake Protocol 

Provision for Software Implementation 
of Additional Features 



1-8 MHz Clock Range 

16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

Directly Interfaces to External Non- 
Inverting Transceivers for Connection 
to the GPIB 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

Trigger Output Pin 

On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 



The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8048, 
8080, 8085, 8086) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface 
functions except for the controller. 
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PIN DESCRIPTION 



Symbol 



I/O Pin No. 



Function 



D0-D7 I/O 12-19 Data bus port, to be connected 

to microprocessor data bus. 

RS0-RS2 I 21-23 Register select inputs, to be con- 
nected to three non-multiplexed 
microprocessor address bus 
lines. Select which of the 8 in- 
ternal read (write) registers will 
be read from (written into) with 
the execution of RD (WR). 

CS I 8 Chip select. When low, enables 

reading from or writing into the 
register selected by RS0-RS2. 

RD I 9 Read strobe. When low, selected 

register contents are read by the 
CPU. 

WR I 10 Write strobe. When low, data is 

written into the selected register. 

INT (INT) O 11 Interrupt request to the micro- 

processor, set high for request 
and cleared when the appropri- 
ate register is accessed by the 
CPU. May be software config- 
ured to be active low. 

DMA REQ O 6 DMA request, normally low, set 

high to indicate byte output or 
byte input, in DMA mode; reset 
by DMA ACK. 

DMA ACK I & DMA acknowledge. When low, 

resets DMA REQ and selects 
data in/data out register for 
DMA data transfer (actual trans- 
fer done by RD/WR pulse). 

TRIG O 5 Trigger output, normally low; 

generates a triggering pulse cor- 
responding to the GET com- 
mand. 

CLOCK I 3 External clock input, used for 

internal time delays generator. 
May be any speed in 1-8 MHz 
range. 

RESET I 4 Reset input. When high, forces 

the device into an "Idle" (initiali- 
zation) mode. The device will re- 
main at "Idle" until released by 
the microprocessor. 

DTOi-DTOs I/O 28-35 8-bit GPIB data port, used for 

bidirectional data byte transfer 
between 8291 and GPIB via non- 
inverting external line trans- 
ceivers. 

DAV I/O 36 Data valid; GPIB handshake 

control line. Indicates the avail- 
ability and validity of infor- 
mation on the DIO lines. 



Symbol I/O Pin No. 





Function 



NRFD I/O 37 Not ready for data; GPIB hand- 

shake control line. Indicates the 
condition of readiness of de- 
vice(s) connected to the bus to 
accept data. 

NDAC I/O 38 Not data accepted; GPIB hand- 

shake control line. Indicates the 
condition of acceptance of data 
by the device(s) connected to 
the bus. 

ATN I 26 Attention; GPIB command line. 

Specifies how data on DIO lines 
are to be interpreted. 

IFC I 24 Interface clear; GPIB command 

line. Places the interface func- 
tions in a known quiescent state. 

SRQ O 27 Service request; GPIB command 

line. Indicates the need for 
attention and requests an inter- 
ruption of the current sequence 
of events on the GPIB. 

REN I 25 Remote enable; GPIB command 

line. Selects (in conjunction with 
other messages i remote or local 
control of the device. 

EOI I/O 39 End or identify; GPIB command 

line. Indicates the end of a 
multiple byte transfer sequence 
or, in conjunction with ATN, 
addresses the device during a 
polling sequence. 

T/R1 O 1 External transceivers control 

line. Set high to indicate output 
data/signals on the DIOi-DIOs 
and DAV lines and input signals 
on the NRFD and NDAC lines 
(active source handshake). Set 
low to indicate input data/ 
signals on the DIO1-DIO8 and 
DAV lines and output signals on 
the NRFD and NDAC lines ac- 
tive acceptor handshake). 

T/R2 O 2 External transceivers control 

line. Set high to indicate output 
signals on the EOI line. Set low 
to indicate expected input signal 
on the EOI line during parallel 
poll. 

Vcc PS. 40 Positive power supply (5V ± 

10%). 

GND P S. 20 Potential ground circuit. 



Note: all signals on the 8291 pins are specified with positive logic. 
However, IEEE 488 specifies negative logic on its 16 signal lines. 
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8291 SYSTEM DIAGRAM 
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THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 

The General Purpose Interface Bus (GPIB) is defined in 
the IEEE Standard 488-1975 "Digital Interface for 
Programmable Instrumentation." Although a knowledge 
of this standard is assumed, Figure 1 provides the bus 
structure for quick reference. Also, Tables 1 and 2 
reference the interface state mnemonics and the interface 
messages respectively. Modified state diagrams for the 
8291 are presented in Appendix A. 

GENERAL DESCRIPTION 

The 8291 is a microprocessor controlled device de- 
signed to interface microprocessors e.g., 8048, 8080, 
8085, 8086 to the GPIB. It implements all of the interface 
functions defined in the IEEE 488 Standard. If an imple- 
mentation of the Standard's Controller function is 
desired, it can be connected with an Intel® 8292 to form 
a complete interface. 

The 8291 handles communication between a microproc- 
essor controlled device and the GPIB. Its capabilities in- 
clude data transfer, handshake protocol, talker/listener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel polling 
schemes. In most procedures, it does not disturb the 
microprocessor unless a byte is waiting on input or a 
byte sent on output (output buffer empty). 

The 8291 architecture includes 16 registers. Eight of these 
registers may be written into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each of these read and write registers is for direct data 
transfers. The rest of the write registers control the various 
features of the chip, while the rest of the read registers 
provide the microprocessor with a monitor of GPIB states, 
various bus conditions, and device conditions. 



DEVICE A 

ABLE TO 
TALK, LISTEN, 
AND 
CONTROL 

(e.g. calculator) 



ABLE TO 
TALK AND 
LISTEN 

(e.g. digital 
multimeter) 



ONLY ABLE 
TO LISTEN 

(e.g. signal 
generator) 



DEVICE D 

ONLY ABLE 
TO TALK 



(e.g. counter) 
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Figure 1. Interface Capabilities and Bus Structure. 
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GPIB Addressing 

Each device connected to the GPIB must have at least one 
address whereby the controller device in charge of the bus 
can configure it to talk, listen, or send status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 



second mode allows the user to implement a single 
talker/listener with a two byte address (primary address + 
secondary address i. The third mode again allows for tw^f ^9 In- 
distinct addresses but in this instance, they can each h&jfW 0o s » 
a two-byte address. However, this mode requires that the 
secondary addresses be passed to the microprocessor for 
verification. These three addressing schemes are des- 
cribed in more detail in the discussion of the Address 
registers. 



TABLE 1. 

IEEE 488 INTERFACE STATE MNEMONICS 



Mnemonic 


oiaic nepresenxeu 


ACDS 


Accept Data State 


ACRS 


Acceptor Ready State 


AIDS 


Acceptor Idle State 


ANRS 


Acceptor Not Ready State 


APRS 


Affirmative Poll Response State 


AWNS 


Acceptor Wait for New Cycle State 


J CACS 


Controller Active State 


] CADS 


Controller Addressed State 


I CAWS 


Controller Active Wait State I 


I CIDS 


Controller Idle State I 


I CPPS 


Controller Parallel Poll State 


I CPWS 


Controller Parallel Poll Wait State 


] CSBS 


Controller Standby State 


CSNS 


Controller Service Not Requested State | 


J CSRS 


Controller Service Requested State | 


I CSWS 


Controller Synchronous Wait State I 


[_CTRS 


Controller Transfer State 


DCAS 


Device Clear Active State 


DCIS 


Device Clear Idle State 


DTAS 


Device Trigger Active State 


DTIS 


Device Trigger Idle State 


LACS 


Listener Active State 


LADS 


Listener Addressed State 


LIDS 


Listener Idle State 


LOCS 


Local State 


LPAS 


Listener Primary Addressed State 


LPIS 


Listener Primary Idle State 


LWLS 


Local With Lockout State 


NPRS 


Negative Poll Response State 



Mnemonic 


oiaie nepreseniea 


PACS 


Parallel Poll Addressed to Configure State 


PPAS 


Parallel Poll Active State 


PPIS 


Parallel Poll Idle State 


PPSS 


Parallel Poll Standby State 


PUCS 


Parallel Poll Unaddressed to Configure State 


REMS 


Remote State 


RWLS 


Remote With Lockout State 


SACS 


System Control Active State 


SDYS 


Source Delay State 


SGNS 


Source Generate State 


SIAS 


System Control Interface Clear Active State 


SIDS 


Source Idle State 


SMS 


System Control Interface Clear Idle State 


SINS 


System Control Interface Clear Not Active State 


SIWS 


Source Idle Wait State 


SNAS 


System Control Not Active State 


SPAS 


Serial Poll Active State 


SPIS 


Serial Poll Idle State 


SPMS 


Serial Poll Mode State 


SRAS 


System Control Remote Enable Active State 


SRIS 


System Control Remote Enable Idle State 


SRNS 


System Control Remote Enable Not Active State 


SRQS 


Service Request State 


STRS 


Source Transfer State 


SWNS 


Source Wait for New Cycle State 


TACS 


Talker Active State 


TADS 


Talker Addressed State 


TIDS 


Talker Idle State 


TPIS 


Talker Primary Idle State 



The Controller function is implemented on the Intel* 8292. 
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8291 



TABLE 2. 
IEEE 488 INTERFACE MESSAGE 



Mnemonic Message 




LOCAL MESSAGES RECEIVED (By Interface Functions) 





y w i\j o l a i i lj vj y 


c. 


ist 


individual ^tatim 


pp 


Ion 


Ijctpn nnlv 

1 1 O L 1 1 \J IIIV 


L, LE 


Ipe 


local poll enable 


PP 


nba 


new byte available 


SH 


pon 


power on 


SH,AH,T,TE,L,LE,SR,RL,PP,C 


rdy 


ready 


AH 


•rpp 


request parallel poll 


C 


* rsc 


request system control 


C 


rsv 


request service 


SR 


rtl 


return to local 


RL 


*sic 


send interface clear 


C 


*sre 


send remote enable 


C 


•tea 


take control asynchronously 


C 


*tcs 


take control synchronously 


AH, C 


ton 


talk only 


T, TE 


REMOTE MESSAGES RECEIVED 




ATM 

ATN 


A 4-4- — - ■* ? _ _ 

Attention 


<=1M AH T TF 1 1 F PP C 


DAB 


Data Rvtp 

LJcXlcL Dy Id 


/Wig 1 1 C\ 

(Via L, LC J 


DAC 


Data ArppntpH 


SH 


DAV 


Data Valid 


AH 


DCL 


Device Clear 


DC 


END 


End 


/wjo 1 ( F 
via I— , l_ t— 


GET 


Group Execute Trigger 


DT 


GTL 


Go to Local 


RL 


IDY 


Identify 


L.LE.PP 


IFC 


Interface Clear 


T,TE,L,LE,C 


LLO 


Local Lockout 


n i— 


MLA 


My Listen Address 


1 1 F Rl T TF 

I— , I— 1 — , i 1 l_ , 1 , 1 C 


MSA 


My Secondary Address 


TE.LE.RL 


MTA 


My Talk Address 


T,TE,L,LE 


OSA 


Other Secondary Address 


TE 


OTA 


Other Talk Address 


T TF 

1 , 1 L 


PCG 


Primary Command Group 


TF 1 F PP 


tPPC 


Parallel Poll Configure 


PP 


t [PPD) 


Parallel Poll Disable 


PP 


tfPPE] 


Parallel Poll Enable 


PP 


*PPRn 


Parallel Poll Response N 


(via C) 


tPPU 


Parallel Poll Unconfigure 


PP 


REN 


Remote Enable 


RL 


RFD 


Ready for Data 


SH 


RQS 


Request Service 


(via L, LE) 


[SDC] 


Select Device Clear 


DC 


SPD 


Serial Poll Disable 


T, TE 


SPE 


Serial Poll Enable 


T, TE 


*SQR 


Service Request 


(via C) 


STB 


Status Byte 


(via L, LE) 


*TCT or [TCT] 


Take Control 


C 


UNL 


Unlisten 


L, LE 



"These messages are handled only by Intel's 8292. 

fUndefined commands which may be passed to the microprocessor. 
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TABLE 2. (Cont'd) 
IEEE 488 INTERFACE MESSAGE REFERENCE LIST 



Mnemonic Message ** Interface Function(s) 



REMOTE MESSAGES SENT 

ATN Attention C 

DAB Data Byte (via T, TE) 

DAC Data Accepted AH 

DAV Data Valid SH 

DCL Device Clear (via C) 

END End (via T) 

GET Group Execute Trigger (via C) 

GTL Go to Local (via C) 

IDY Identify C 

IFC Interface Clear C 

LLO Local Lockout (via C) 

MLA or [MLA] My Listen Address (via C) 

MSA or [MSA] My Secondary Address (via C) 

MTA or [MTA] My Talk Address (via C) 

OSA Other Secondary Address (via C) 

OTA Other Talk Address (via C) 

PCG Primary Command Group (via C) 

PPC Parallel Poll Configure (via C) 

[PPD] Parallel Poll Disable (via C) 

[PPE] Parallel Poll Enable (via C) 

PPRn Parallel Poll Response N PP 

PPU Parallel Poll Unconfigure (via C) 

REN Remote Enable C 

RFD Ready for Data AH 

RQS Request Service T, TE 

[SDC] Selected Device Clear (via C) 

SPD Serial Poll Disable (via C) 

SPE Serial Poll Enable (via C) 

SRQ Service Request SR 

STB Status Byte (via T, TE) 

TCT Take Control (via C) 

UNL Unlisten (via C) 

"All Controller messages must be sent via Intel's 8292. 
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8291 Registers *5| ^ffAtj, 

A bit-by-bit map of the 16 registers on the 8291 is 
presented in Table 3. A more detailed explanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the CS, RD, WR, and RS0-RS2 pins. 

Register £s_ _RD_ WR RS0-RS2 

All Read Registers 1 CCC 

All Write Registers 1 CCC 

Don't Care 1 X X XXX 



TABLE 3. 8291 REGISTERS 



READ REGISTERS REGISTER SELECT WRITE REGISTERS 

CODE 

RS2 RS1 RSO 



DI7 


DI6 


DI5 


DI4 


DI3 


DI2 


DI1 


DIO 











D07 


D06 


D05 


D04 


D03 


D02 


D01 


DOO 








DATA IN 






















DATA OUT 






CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 








1 


CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 






INTERRUPT STATUS 1 
















INTERRUPT MASK 1 






INT 


SPAS 


LLO 


REM 


SPASC 


LLOC 


REMC 


A DSC 





1 











DM AO 


DMAI 


SPASC 


LLOC 


REMC 


A DSC 






INTERRUPT STATUS 2 
















INTERRUPT MASK 2 






S8 


SRQS 


S6 


S5 


S4 


S3 


S2 


S1 





1 


1 


S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 






SERIAL POLL STATUS 
















SERIAL POLL MODE 






ton 


Ion 


EOI 


LPAS 


TP AS 


LA 


TA 


MJMN 


1 








TO 


LO 














ADM1 


ADMO 






ADDRESS STATUS 


















ADDRESS MODE 






CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPTO 


1 





1 


CNT2 


CNT1 


CNTO 


COM4 


COM3 


COM2 


COM1 


COMO 






COMMAND PASS THROUGH 


















AUX MODE 






X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 


1 


1 





ARS 


DT 


DL 


AD5 


AD4 


AD3 


AD2 


AD1 








ADDRESS 




















ADDRESS 0/1 






X 


DTI 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


ADM 


1 


1 


1 


EC7 


EC6 


EC5 


EC4 


EC3 


EC2 


EC1 


ECO 



ADDRESS 1 EOS 



Data Registers 



DI7 


DI6 


DI5 


DI4 


DI3 


DI2 


DM 


DIO 


DATA-IN REGISTER (OR) 


D07 


D06 


DOS 


D04 


D03 


D02 


D01 


DOO 



DATA-OUT REGISTER (0W) 

The data-in register is used to move data from theGPIB to 
the microprocessor or to memory when the 8291 is 



addressed to listen. Incoming information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD (Ready for 
Data) message is held false until the byte is removed from 
the data in register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati- 
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshake is not finished until a command is sent 
telling the8291 to release the holdoff. In this way, thesame 
byte may be read several times, or an over anxious talker 
may be held off until all available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 



RFD/DAV holdoff mode is in effect, data is held until the 
release command is issued. Also, a read of the data-in 
register does not destroy the information in the <■*• 
register. 




— 



Interrupt Registers 



CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 




CPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


INTERRUPT STATUS 1 (1R) 


INTERRUPT MASK 1 (1W) 


INT 


SPAS 


LLO 


REM 


SPASC 


LLOC 


REMC 


A DSC 










DMAO 


DM Al 


SPASC 


LLOC 


REMC 


A DSC 



INTERRUPT STATUS 2 (2R) 



INTERRUPT MASK 2 (2W) 



The 8291 can be configured to generate an interrupt to the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine (if 
necessary). Each of the 12 interrupt status bits has a 
matching mask bit in the interrupt mask registers. These 
mask bits are used to select the events that will cause the 
INT pin to be asserted. Writing a logic "1" into any of these 
bits enables the corresponding interrupt status bits to 



generate an interrupt. Bits in the Interrupt Status registers 
are set regardless of the states of the mask bits. The 
Interrupt Status registers are then cleared upon being 
read or when a local pon (power-on) message is executed. 
If an event occurs while one of the Interrupt Status 
registers is being read, the event is typically held until after 
its register is cleared and then placed in the register. 

The mnemonics for each of the bits in these registers and a 
brief description of their respective functions appears in 
Table 4. This table also indicates how each of the interrupt 
bits is set. 



TABLE 4. Interrupt Bits 



Indicates Undefined Commands 
Set by (TPAS+ LPAS).SCG.ACDS.MODE 3 

Set by DTAS 
Set by (EOS+EOIKACS 
Set by DCAS 
Set by TACS«nba«DAC«RFD 

TACS«(SWNS + SGNS) 
Set by LACS.ACDS 

Shows status of the INT pin 

The device has been enabled for a serial poll 

The device is in local lock out state. 

(LWLS+RWLS) 

The device is in a remote state. 

(REMS+RWLS) 



CPT 



APT 



GET 



END 



DEC 



ERR 



BO 



Bl 



INT 



SPAS 



LLO 



REM 



An undefined command has been received. 

A secondary address must be passed through 
to the microprocessor for recognition. 

A group execute trigger has occurred. 

An EOS or EOI message has been received. 

Device Clear Active State has occurred. 

Interface error has occurred; no listeners 
are active. 

A byte has been output. 
A byte has been input. 



These are status only. They will not generate 
— interrupts, nor do they have corresponding 
mask bits. 



SPAS_J3PAS 
LLO^NO LLO 
Remote_J_ocal 
Addressed*~Unaddressed 



SPASC 



LLOC 



RLC 



ADSC 



Serial Poll Active State change interrupt 
Local lock out change interrupt. 
Remote/Local change interrupt. 
Address status change interrupt.* 



*ln ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated. 
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8291 







The BO and Bl interrupts enable the user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB and a new data byte may be written into the Data 
Out register. It is set by the occurrence of TACS • (SWNS 
+ SGNS). Hence, it is reset when a data byte is written into 
the Data Out register, when ATN is asserted on the 
GPIB, or when the device stops being addressed to talk. 
Similarly, Bl is set when an input byte is accepted into the 
8291 and reset when the microprocessor reads the Data In 
register. BO and Bl are also reset by pon (power-on local 
message) and by a read of the Interrupt Status 1 register. 
However, if it is so desired, data transfer cycles may be 
performed without reading the Interrupt Status 1 register 
if all interrupts except for BO or Bl are masked; BO and Bl 
will automatically reset after each byte is transferred. 

If the 8291 is used without DMA, the BO and Bl interrupts 
may be enabled through the DMA REQ pin. The DMAO 
and DMAI bits in the Interrupt Mask 2 register would be the 
corresponding mask bits for this feature. Thus, imple- 
menting this feature, with BO and Bl masked from the INT 
pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers. 

The ERR bit issetto indicatethe bus errorcondition where 
the 8291 is an active talker, tries sending a byte to the 
GPIB, but there are no active listeners (e.g., all devices on 
the GPIB are in AIDS). The logical equivalent of (nba • 
TACS • DAC • RFD) will set this bit. 

The DEC bit is set whenever DCAS has occurred. The user 
must define a known state to which all device functions 
will return in DCAS. Typically this state will be a power-on 
state. However, the state of the device functions at DCAS 
is at the designer's discretion. It should be noted that 
DCAS has no effect on the interface functions which are 
returned to a known state by the IFC (interface clear) 
message or the pon local message. 

The End Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active listener 
(LACS) and either EOS or EOI is received. EOS will 
generate an interrupt when the byte in the Data In regis- 
ter matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOI pin of the 8291. 

The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message is received while it is addressed to lis- 
ten. The TRIG output pin of the 8291 is also asserted 
when the GET message is received. Thus, the basic 
operation of the device may be started without involving 
the microprocessor. 

The APT interrupt bit indicates to the processor that a 
secondary address is available in the CPT register for 
validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on 
addressing.) In Mode 2, secondary addresses will be 
'recognized on the 8291. They will be ignored in Mode 1. 



Pa <l tr rh '* 

The CPT interrupt bit flags the occurrence of an unde- 
fined command and of all secondary commands follow- 
ing an undefined command. The Command pass 
through feature is enabled by the BO bit of Auxiliary 
register B. 



UDC = [UCG + ACG(TADS»PPC 
+ LADS»TCT)]»undefined«BO 

where: 

ACG — Addressed Command Group 
UCG — Universal Command Group 
SCG — Secondary Command Group 

Any message not decoded by the 8291 (not included in the 
state diagrams in Appendix B) becomes an undefined 
command. Note from the logic equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 

Undefined commands are read by the CPU from the 
Command Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if the CPT feature is enabled). 

An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding mask 
bits, will cause an interrupt upon changes in the following 
states as defined in IEEE 488: 

BitO ADSC change in LIDS or TIDS or MJMN 

Bit 1 RLC change in LOCS or REMS 

Bit 2 LLOC change in LWLS or RWLS 

Bit 3 SPASC change in SPAS 

The upper 4 bits of the Interrupt Status 2 register are 
available to the processor as status bits. Thus, if one of the 
bits 1-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7 1 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status | bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all unmasked interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available only 
to be read as status bits by the processor. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available to enable direct data transfers 
between memory and the GPIB, DMAI (DMA in) enables 
the DMA REQ (DMA request) pin of the 8291 to be 
asserted upon the occurrence of Bl. Similarly, DMAO 
( DMA out) enables the DMA REQ pin to be asserted upon 
the occurrence of BO. One might note that the DMA REQ 
pin may be used as a second interrupt output pin, 
monitoring Bl and/or BO and masked by DMAI and 
DMAO. One should note that the DMA REQ pin is not 
affected by a read of the Interrupt Status 1 Register. It is 
reset whenever a byte is written to the Data Out Register or 
read from the Data in Register. 

To ensure that an interrupt status bit will not be cleared 
without being read, and will not remain uncleared after 
being read, the 8291 implements a special interrupt 
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handling procedures. When an unmasked interrupt bit is 
set in either of the Interrupt Status Registers, the input 
of the registers are blocked until the set bit is read and 
reset by the microprocessor. Thus, potential problems 
arise when interrupt status changes while the register is 
being blocked. However, the 8291 stores all new inter- 
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 



— 



has been reset. In the Interrupt Status 1 Register and in 
ADSC bit, this transfer takes place only if the correspon- 
ding bits were read as zeroes. For the other status 
change bits in the Interrupt Status 2 Register, the 
transfer will always take place. However, even number 
of changes in these status bits during blocking time will 
cause no interrupt. 



Serial Poll Registers 



S8 


SRQS 


S6 


SS 


S4 


S3 


S2 


SI 



S8 


rsv 


S6 


S5 


S4 


S3 


S2 


S1 



SERIAL POLL STATUS (3R) 

The Serial Poll Mode Register is used to establish the 
status byte that the 8291 sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) message. Bit 
6 of this register is reserved for the rsv (request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRQ line, indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted, the bit should be cleared by the 
microprocessor. The other bits of this register are 
available for sending status information over the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 



SERIAL POLL MODE (3W) 

talk. At this point, one byte of status is returned by the 8291 
via the Serial Poll Mode Register. 

The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll Mode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SRQS (Service 
Request State). When a Serial Poll is conducted and the 
controller-in-charge reads the status byte, the SRQS bit is 
cleared. The SRQ line is tied to this bit, so that a request for 
service is terminated when the 8291 's status byte is read. 
The rsv bit of the Serial Poll Mode Register must then be 
cleared by the microprocessor. 



Address Registers 



ton 


Ion 


EOI 


LPAS 


TPAS 


LA 


TA 


MJMN 


ADDRESS STATUS (4R) 


X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 


ADDRESS (6R) 


X 


DT1 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2 1 


AD1-1 



ADDRESS 1 (7R) 



TO 


LO 














ADM1 


ADMO 


ADDRESS MODE (4W) 


ARS 


DT 


DL 


AD5 


AD4 


AD3 


AD2 


AD1 



ADDRESS 0/1 (6W) 



The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291. It determines 
the way in which the 8291 uses the information in the 
Address and Address 1 registers: 

—In Mode 1, the contents of the Address Register 
constitute the "Major" talker/listener address while the 
Address 1 Register represents the "Minor" talker/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an addres via 
the Address 0/1 Register into Address Registers and 1 
enables the major and minor talker/listener functions 
respectively. 

—In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in order to enable the device to talk 
or listen. In this manner, Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 



To use Mode 2 addressing the primary address must be 
loaded into the Address Register, and the Secondary 
address is placed in the Address 1 Register. With both 
primary and secondary addresses residing on chip, the 
8291 can handle all addressing sequences without 
processor intervention. 

—In Mode 3, the 8291 handles addressing just as it does in 
Mode 1 , except that each Major or Minor primary address 
must be followed by a secondary address. All secondary 
addresses must be verified by the microprocessor when 
Mode 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state), and it does not 
recognize the byte on the DIO lines, an APT interrupt is 
generated (see section on Interrupt Registers) and the 
byte is available in the CPT (Command Pass-Through i 
Register. As part of its interrupt service routine, the 
microprocessor must read the CPT Register and write one 
of the following responses to the Auxiliary Mode Register: 

1. 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 
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Setting the "ton" bit generates the local ton (talk-only) 
message and sets the 8291 to atalk-only mode. This mode 
allows the device to operate as a talker in an interface 
system without a controller. 

Setting the "Ion" bit generates the local Ion (listen-only i 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener in an 
interface system without a controller. 

The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: 



Register Contents 

10000000 
01000000 
11000000 
00000001 
00000010 
0000001 1 



Mode 

Enable talk only mode (ton) 
Enable listen only mode (Ion) 
The 8291 may talk to itself 
Mode 1, (Primary-Primary) 
Mode 2 (Primary-Secondary) 
Mode 3 (Primary/APT-Primary/APT) 



The Address Status Register contains information used by 
the microprocessor to handle its own addressing. This 
information includes status bits that monitor the address 
state of each talker/listener, "ton" and "Ion" flags which 
indicate the talk only and listen only states, and an EOI bit 
which, when set, signifies that the END message came 
with the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. The 
microprocessor can then use these bits when the 
secondary address is passed through to determine 
whether the 8291 is addressed to talk or listen. The LA 
(listener addressed) bit will be set when the 8291 is in 
LACS (Listener Active State) or in LADS (Listener 
Addressed State). Similarly, theTA (Talker Addressed bit 
will be set to indicate TACS or TADS, but also to indicate 
SPAS (Serial Poll Active State). The MJMN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to "1" 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
onetime. Thus, the MJMN bit will indicate which, if either, 
of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected in 
the Address Mode Register. Five bit addresses may be 
loaded into the Address and Address 1 registers by 
writing into the Address 0/1 Register. The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into. The DT and DL bits may be used to disable 
the talker or listener function at the address signified by 
the other five bits. When Mode 1 addressing is used and 
only one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 

As an example of how the Address 0/1 Register might be 
used, consider an example where two primary addresses 
are needed in the device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 is formed by the following 
sequence of writes by the microprocessor: 



Operation 


CS 


RD 


WR 


Data 


RS2-RS0 


1 ^olopt aHriroccinn MnHo 1 
I . oclct^l duuicooll ly IVIUUc I 


u 






nnnnnnm 


100 


2. Load major address into 
Address Register with 
listenerfunction disabled. 





1 





001 AAAAA 


110 


3. Load minor address into 
Address 1 Register with 
talker function disabled. 





1 





110BBBBB 


110 



At this point, the addresses AAAAA and BBBBB are stored 
in the Address and Address 1 registers respectively, and 
are available to be read by the microprocessor. Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene in the addressing sequence. 



Command Pass Through Register 



CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPT0 



COMMAND PASS THROUGH (5R) 



The Command Pass Through Register is used to transfer 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature is enabled 
(bit B0 in Auxiliary Register B), any message not de- 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshake until the 
microprocessor reads this register and issues the 
VSCMD auxiliary command. 

The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register. The details of these interrupts are explained 
in the section on Interrupt Registers. 

An added feature of the 8291 is its ability to handle 
undefined secondary commands following undefined 
primaries. Thus, the number of available commands for 
user definition or future IEEE 488 definition is significantly 
increased; one undefined primary command followed by a 
sequence of as many as 32 secondary commands can be 
processed. However, it is recommended that users do not 
define their own commands since such definition would 
violate IEEE 488. 

The recommended use of the 8291 's undefined command 
capabilities is for a controller-configured Parallel Poll. 
The PPC message is an undefined primary command 
typically followed by PPE, an undefined secondary 
command. For details on this procedure, refer to the 
section on Parallel Poll Protocol. 
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CNT2 


CIMT1 


CNTO 


COM4 


COM3 


COM2 


COM1 


COMO 



AUX MODE (5W) 

CNT0-2:CONTROL BITS 
COM0-:COMMAND BITS 

The Auxiliary Mode Register contains a three-bit control 
field and a five-bit command field. It is used for several 
purposes on the 8291: 

1. To load "hidden" auxiliary registers on the 8291. 

2. To issue commands from the microprocessor to the 
8291. 

3. To preset an internal counter used to generate T1, 
delay in the Source Handshake function, as defined in 
IEEE 488. 

Table 4 summarizes how these tasks are performed with 
the Auxiliary Mode Register. Note that the three control 
bits determine how the five command bits are interpreted. 

TABLE 4 



CODE 




CONTROL 


COMMAND 


COMMAND 


BITS 


BITS 




000 


occcc 


Execute auxiliary command 
CCCC 


001 


0FFFF 


Preset internal counter to 
match external clock 
frequency of FFFF MHZ 
(FFFF - binary representation 
of 1 to 8 MHz) 


100 


DDDDD 


Write DDDDD into auxiliary 
register A 


101 


0DDDD 


Write DDDD into auxiliary 
register B 


011 


USP3P2P1 


Configure/unconfigure 
parallel poll SP3P2P1 as 
defined in Std. 488. (Con- 
figure if U = 0, Unconfigure if 
U = 1 ). This command is the 
local poll enable (Ipe) 
message when U = 0. 



AUXILIARY COMMANDS 

Auxiliary commands are executed by the 8291 whenever 
O00OCCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4-bit command code. 



4-Bit Code 



0000 



Description 



Immediate Execute pon — This command re- 
sets the 8291 to a power up state {local pon 
message as defined in IEEE 488). 

The following conditions constitute the power 
up state: 

1. All talkers and listeners are disabled. 

2. No interrupt status bits are set. 



4-Bit Code 



0010 



0011 



0100 



0101 



0110 



0111, 1111 



0001, 1001 




The 8291 is designed to power up in 
states as specified in the IEEE 488 state dia- 
grams. Thus, the following states are in effect 
in the power upstate: SIDS, AIDS.TIDS, LIDS, 
NPRS, LOCS, and PPIS. 

The "0000" pon is an immediate execute 
command (a pon pulse). It is also used to 
release the "initialize" state generated by 
either an external reset pulse or the "0010" 
Chip Reset command. 

Chip Reset (Initialize) — This command has 
the same effect as a pulse applied to the Reset 
pin. (Refer to the section on Reset Procedure. ) 

Finish Handshake — This command finishes a 
handshake that was stopped because of a 
holdoff on RFD or DAV. (Refer to Auxiliary 
Register A.) 

Trigger — A "Group Execute Trigger" is 
forced by this command. It has the same effect 
as a GET command issued by the controller- 
in-charge of the GPIB, but does not cause a 
GET interrupt. 

rtl 1 — This command corresponds to the local 
rtl message as defined in IEEE 488. The 8291 
will go to a local state if local lockout is 
not in effect. 

Send EOI — The EOI line of the 8291 may be 
asserted with this command. The command 
causes EOI to go true with the next bytetrans- 
mitted. The EOI line is then cleared upon com- 
pletion of the handshake for that byte. 

Non-Valid/Valid Secondary Address or 
Command (VSCMD) — This command in- 
forms the 8291 that the secondary address re- 
ceived by the microprocessor was valid or 
invalid (0111 - invalid, 1111 -valid). If Mode3 
addressing is used, the processor must field 
each extended address and respond to it, or 
the GPIB will hang up. Note that the COM3 bit 
is the invalid/valid flag. 

The valid (1111) command is also used to tell 
the 8291 to continue from the command-pass- 
through state (immediate execute command). 

Parallel Poll Flag (local "ist" message) — This 
command sets (1001) or clears (0001) the 
parallel poll flag. A "1" is sent over the 
assigned data line (PPR-Parallel Poll Re- 
sponse true) only if the parallel poll flag 
matches the sense bit from the Ipe local 
message (or indirectly from the PPE mess- 
age). For a more complete description of the 
Parallel Poll features and procedures refer to 
the section on Parallel Poll Protocol. 



1. Subsequently the 8291 will include 
commands. 



'set rtl" and "clear rtl" 
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INTERNAL COUNTER 

The internal counter determines the delay time allowed 
for the settling of data on the DIO lines. This delay time 
is defined as J-i in IEEE 488 and appears in the Source 
Handshake state diagram between SDYS and STRS. As 
such, DAV is asserted T, after the DIO lines are driven. 
Consequently, T-, is a major factor in determining the 
data transfer rate of the 8291 over the GPIB 
(T 1 = TWROV2-TWROI5). 

When open-collector transceivers are used for connection 
to the GPIB, Ti is defined by IEEE 488 to be 2 M sec. By 
writing 0010FFFF into the Auxiliary Mode Register, the 
counter is preset to match a fc MHz clock input, where 
FFFF is the binary representation of Nf (1<Nf<8, 
Nf=(FFFF)2). When Nf = fc, a 2/^sec Ti delay will be 
generated before each DAV asserted. 



1( M sec) — 



2N F 

V. 



+ t SYNC - 1<N F <8 



tsYNC is a synchronization error, greater than zero and 
smaller than the larger of T clock high and T clock low. 
(For a 50% duty cycle clock, tsYNC is less than half the 
clock cycle). 

If it is necessary that Ti be different from 2/usec, Nf may 
be set to a value other than fc. In this manner, data transfer 
rates may be programmed for a given system. In small 
systems, for example, where transfer rates exceeding 
GPIB specifications are required, one may set Nf < fc and 
decrease Ti. 

When tri-state transceivers are used, IEEE 488 allows a 
higher transfer rate i lower Ti i. Use of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.ln this case, setting Nf =fc causes a Ti delay of 2/usecto 
be generated for the first byte transmitted — all 
subsequent bytes will have a delay of 500 nsec. 



Ti ( High Speed 



Nf , 

,uSeC = — + tSYNC 



Thus, setting N F = 1 using a 4 MHz clock will generate 
for a 50% duty cycle clock (t SY Nc <125 nsec): 



1 



2.4 



+ 0.125 = 0.250 f^sec = 250 nsec 



AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register which is 
used to enable some of the 8291 features. Whenever a 
100 A4A3A2A1A0 byte is written into the Auxiliary Register, 
it is loaded with the data A4A3A2A1A0. Setting the 
respective bits to "1" enables the following features: 

A — RFD/DAV Holdoff on all Data: If the 8291 is listening, 
RFD will not be sent true until the "finish handshake" 
auxiliary command is issued by the microprocessor. If the 
8291 is talking, DAV is not sent true until the "finish 
handshake" command is given. In both cases, the holdoff 
will be in effect for each data byte. 

A1 — RFD/DAV Holdoff on End: This feature enables the 
holdoff on EOI or EOS (if enabled). However, no holdoff 
will be in effect on any other data bytes. 



A2 — End on EOS Received: Whenever the byte in the Data 
In Register matches the byte in the EOS Register, the End 
interrupt bit will be set in the Interrupt Status 1 Register. 



interrupt bit will be set in the Interrupt Status 1 Register. 

A3 — Output EOI on EOS Sent: Any occurrence of data in 
the Data Out Register matching the EOS Register causes 
the EOI line to be sent true along with the data. 

A4 — EOS Binary Compare: Setting this bit causes the 
EOS Register to function as a full 8-bit word. When it is not 
set, the EOS Register is a 7-bit word i for ASCII 
characters). 

If Ao = A1 = 1 , a special "continuous Acceptor Handshake 
cycling" mode is enabled. This mode should be used only 
in a controller system configuration, where both the 8291 
and the 8292 are used. It provides a continuous cycling 
through the Acceptor Handshake state diagram, requiring 
no local messages from the microprocessor; the rdy local 
message is automatically generated when in ANRS. As 
such, the 8291 Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without delaying 
the data transfer in progress. When the tcs local message 
is executed, the 8291 is taken out of the "continuous AH 
cycling" mode, the GPIB hangs up in ANRS, and a Bl 
interrupt is generated to indicate that control may be 
taken. A simpler procedure may be used when a "tcs on 
end of block" is executed; the 8291 may stay in 
"continuous AH cycling". Upon the end of a block i EOI or 
EOS received), a holdoff is generated, the GPIB hangs up 
in ANRS, and control may be taken. 



AUXILIARY REGISTER B 

Auxiliary Register B is a "hidden" 4-bit register which is 
used to enable some of the features of the 8291 . Whenever 
a IOIOB3B2B1B0 is written into the Auxiliary Mode 
Register, it is loaded with the data B3B2B1B0- Setting the 
respective bits to "1" enables the following features: 

Bo — Enable Undefined Command Pass Through: This 
feature allows any commands not recognized by the 8291 
to be handled in software. If enabled, this feature will 
cause the 8291 to holdoff the handshake when an 
undefined command is received. The microprocessor 
must then read the command from the Command Pass 
Through Register and send the VSCMD auxiliary 
command. Until the VSCMD command is sent, the 
handshake holdoff will be in effect. 

B1 — Send EOI in SPAS: This bit enables EOI to be sent 
with the status byte; EOI is sent true in Serial Poll Active 
State. Otherwise, EOI is sent false in SPAS. 

B2 — Enable High Speed Data Transfer: This feature may 
be enabled when tri-state external transceivers are used. 
The data transfer rate is limited by Ti idelay time 
generated in the Source Handshake function i, which is 
defined according to the type of transceivers used. When 
the "High Speed" feature is enabled, Ti = 2 microseconds 
is generated for the first byte transmitted after each true to 
false transition of ATN. For all subsequent bytes, Ti = 500 
nanoseconds. Refer to the Internal Counter section for an 
explanation of Ti duration as a function of B2 and of clock 
frequency. 



fio n 
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B3 — Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 
output signal compatible with Intel's MCS-48™. Interrupt 
registers are not affected by this bit. 

PARALLEL POLL PROTOCOL 

Writing a OIIUSP3P2P1 into the Auxiliary Mode Register 
will configure (U=0) or unconfigure (U=1 ) the 8291 for a 
parallel poll. When U=0, this command is the "Ipe" (local 
poll enable) local message as defined in IEEE488. The "S" 
bit is the sense in which the 8291 is configured; only if the 
Parallel Poll Flag ("ist" local message) matches this bit will 
the Parallel Poll Response, PPRn, be sent true. The bits 
P3P2P1 specify which of the eight data lines PPRn will be 
sent over. Thus, once the 8291 has been configured for 
Parallel Poll, whenever it senses both EOI and ATN true, it 
will automatically compare its PP flag with the sense bit 
and send PPRn true or false according to the comparison. 

If a PP2* implementation is desired, the "Ipe" and "ist" 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel Poll immediately after 
initialization. During normal operation the micro- 
processor will set or clear the Parallel Poll Flag (ist) 
according to the device's need for service. Consequently 
the 8291 will be set up to give the proper response to IDY 

(EOI • ATN) without directly involving the micropro- 
cessor. 

If a PP1* implementation is desired, the undefined 
command features of the 8291 must be used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
controller on the GPIB. The sequence at the 8291 being 
configured is as follows: 

1. The PPC message is received true. Being an undefined 
command, it is loaded into the Command Pass 
Through Register, and a CPT interrupt is sent to the 
microprocessor. The handshake is automatically held 
off. 

2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake. 

3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary 
command, the PPE message. This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 

4. The microprocessor reads the PPE message and 
decodes the SP3P2P1 information. It then sends the 
appropriate "Ipe" local message to the 8291. Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 



"As defined in IEEE Standard 488. 



End of Sequence (EOS) Registers r/^^^ffUtMm 

I 1 1 1 1 1 1 1 1 

EC7 EC6 EC5 EC4 EC3 EC2 EC1 ECO 
I 1 1 1 1 1 1 1 J 



EOS REGISTER 



ECO 



The EOS Register and its features offer an alternative to 
the "Send EOI" auxiliary command. A seven or eight bit 
byte (ASCII or binary) may be placed in the register to flag 
the end of a block or read. The type of EOS byte to be used 
is selected in Auxiliary Register bit A4. 

If the 8291 is a listener, and the "End on EOS Received" is 
enabled at bit A2, then an End interrupt is generated in the 
Interrupt Status 1 Register whenever the byte in the Data- 
in Register matches the byte in the EOS Register. 

If the 8291 is a talker, and the "Output EOI on EOS Sent" is 
enabled at bit A3, then the EOI line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 

Reset Procedure 

The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 

1 . A "pon" local message as defined by IEEE 488 is held 
true until the initialization state is released. 

2. The Interrupt Status Registers are cleared. 

3. Auxiliary Registers A and B are cleared. 

4. The Serial Poll Mode Register is cleared. 

5. The Parallel Poll Flag is cleared. 

6. The EOI bit in the Address Status Register is cleared. 

7. N F in the Internal Counter is set to 8 MHz. This set- 
ting causes the longest possible t-, delay to be 
generated in the Source Handshake (16 ^sec for 1 
MHz clock). 

The initiallization state is released by an "immediate 
execute pon" command (00H written into the Auxiliary 
Command Register). 

The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the 
Interrupt Mask, Serial Poll Mode, Address Mode, 
Address 0/1 , and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the "immediate execute pon" auxiliary command 
to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used the 
"Ipe" local message may be sent, configuring the 8291 
fora Parallel Poll Response on an assigned line. (Refer 
to the section on Parallel Poll Protocol.) 
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Using DMA 

The 8291 may be connected to the Intel 8257 DMA Con- 
troller for DMA operation. The DMA REQ pin of the 8291 
requests a DMA byte transfer from the 8257. It is set by 
BO or Bl flip flops, masked by the DMAO and DMAI bits 
in the Interrupt Mask 2 Register. (After reading, the INT1 
register BO and Bl interrupts will be cleared but not BO 
and Bl in DREQ equation.) 



The DMA ACK pin is driven by t he 8257 in response to the 
DMA request. When DMA ACK is true (active low) it sets 
CS = RSO = RS1 = RS2 = such that the RD and WR 
signals sent by the 8257 refer to the Data In and Dat a Out 
Regis ters. Also, the DMA request line is reset by DMA 
ACK. 



DMA input sequence: 

1. A data byte is accepted from the GPIB by the 8291. 

2. A Bl interru pt is generated and DMA REQ is set. 

3. DMA ACK is asserted by the 8257 and DMA REQ is 
reset. 

4. RD is driven by the 8257 and the contents of the Data In 
Register are transferred to MCS bus. 

5. The 8291 sends RFD true on the GPIB and proceeds 
with the Acceptor Handshake protocol. 

DMA output sequence: 

1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DMA REQ is asserted. 



2. DMA ACK is asserted by the 8257 and DMA REQ is 
rese t. 

3. WR is driven by the 8257 and a byte is transferred from 
the MCS bus into the Data Out Register. 

4. The 8291 sends DAV true on the GPIB and proceeds with 

the Source Handshake protocol. 

It should be noted that each time the device is addressed, 
the Address Status Register should be read, and the 8257 
should be initialized accordingly. (Refer to the 8257 data 
sheet available in Intel's Peripheral Design Handbook.) 

System Configuration 

Microprocessor Bus Connection 

The 8291 is 8080, 8048, 8085 and 8086 compatible. The 
three address pins ( RSo, RSi, RS2) should be connected to 
the non-multiplexed address bus (for example: As, A9, 
A10). In case of 8080, any address lines may be used. 

External Transceivers Connection 

8291 IEEE bus pins are TTL compatible. For IEEE Std. bus 
connection, external transceivers are required. 8291 
supplies Transmit/Receive control pins: T/R1 controls 
DIO1-8, NRFD, NADC and DAV transceivers,T/R2 
controls EOI transceiver. IFC, ATN, REN are always inputs 
and SRQ is always an output. 

Logically, TR1 = TACS + SPAS + PPAS; 
TR2 = TACS + SPAS. 

Refer to 8292 Data Sheet for 8291/8292 system 
configuration. 
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DEVICE ELECTRICAL CHARACTERISTICS 
D.C. CHARACTERISTICS 

Ta = 0°C to 70° C; Vcc = 5V ± 10% 



' /ec ''o? h a <>on. Sn 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


VlL 


Input Low Voltage 


-0.5 


0.8 


V 


, 


VlH 


Input High Voltage 


2 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


IOL=2mA (4mA for TR1 pin) 


Voh 


Output High Voltage 


2.4 




V 


Ioh = -400mA (-150/iA forSRQpin) 


VOH-INT 


Interrupt Output High Voltage 


2.4 




V 


Ioh=-400mA 






3.5 




V 


Ioh—50/uA 


IlL 


Input Leakage 




10 


MA 


Vin=0V to Vcc 


Ilol 


Output Leakage Current 




-10 


mA 


Vout=0.45V 


Iloh 


Output Leakage Current 




10 


MA 


V0UT=VCC 


ice 


Vcc Supply Current 




180 


mA 


T A =0°C 



A.C. CHARACTERISTICS 

Vcc = 5V ± 10%, Commercial: Ta = 0°C to 70°C 



Symbol 


Parameter 


Min. 


Max. 


Unit 


tAR 


Address Stable Before READ 







nsecfl 


tRA 


Address Hold After READ 







nsec' 1 ! 


tRR 


READ width 


250 




nsec' 21 


tAD 


Address Stable to Data Valid 




250 


nseel 1 1 


tRD 


READ to Data Valid 




100 


nseel 2 ! 


tRDF 


Data Float After READ 





60l 2 l 


nsec 


tAW 


Address Stable Before WRITE 







nseel 1 1 


tWA 


Address Hold After WRITE 









tww 


WRITE Width 


250 




nsec 111 


tow 


Data Set Up Time to the Trailing 
Edge of WRITE 


150 




nseel 1 1 


tWD 


Data Hold Time After WRITE 







nseel 1 ! 


tAKRQ 


DACKI to DREQl 




130 


nsec 


tDKDA6 


DACK1 to Up Data Valid 




200 


nsec 



Notes: 

1. 8080 System Ci_max = 100pF; CLmin = 15pF; 3 MHz clock. 

2. 8085 System C L = 150pF: 4 MHz clock. 
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TIMING WAVEFORMS 







J o ee . 



READ 



CS/RSi 



3: 



READ: 



- l AR- 



-'ad- 



- l RD- 



DATA BUS , 
(DATA OUT) 



WRITE 



DMA 



X 



*RV 

■«— 'rdf 



[11. 



VALID DATA ^ 



CS/RSj 



DATA BUS 
(DATA IN) 












»«— <DW — * 






— V 

■«— 'aw — «■ 


t 










DATA MAY CHANGE ^ 


VALID DATA 


K 



DATA MAY CHANGE 



NOTES: 1. tRv IS THE TIME BETWEEN READ OR WRITE OPERATIONS WITH 
THE CHIP SELECTED (CHIP RECOVERY TIME). 



DREQ 



J — k 



-•akrq 



DACK 
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GPIB TIMINGS 1 







ft 



Pat, 



°ti Ce 




."Of, 

— 



f A 

*t>o n 



Symbol 



Parameter 



Max. 



Unit 



Test Conditions 



TEOT13 



EOII to TR1 1 



90 



nsec 



PPSS, ATN=0.45V 



TEODI6 



EOII to DIO Valid 



130 



PPSS, ATN=0.45V 



TEOT12 



EOII to TR11 



130 



nsec 



PPSS, ATN=0.45V 



TATND4 



ATNJ to NDACl 



130 



TACS, AIDS 



TATT14 



ATN1 to TR1I 



130 



TACS, AIDS 



TATT24 



ATNl to TR21 



130 



nsec 



TACS, AIDS 



TDNVD3-C 



DAV1 to NDACt 



350 



nsec 



AH, CACS 



TNDDV1 



NDACl to DAVt 



300 



nsec 



SH, STRS 



TNRDV2 



NRFDt to DAV1 



300 



SH, T1 True 



TNDDR1 



NDACt to DREQl 



350 



SH 



TDVDR3 



DAVl to DREQl 



350 



nsec 



AH, LACS, ATN=2.4V 



TDVND2-C 



DAVt to NDACl 



350 



nsec 



AH. LACS 



TDVNR1-C 



DAVt to NRFDt 



350 



nsec 



AH, LACS, rdy=True 



TRDNR3 



RDi to NRFDt 



500 



nsec 



AH, LACS 



TWRDI5 



WR to DIO Valid 



200 



SH, TACS, RS = 0.4V 



TWRDV2 



WRt to DAVi 



760 



nsec 



NRFD = 2.4V, RS = 0.4V, SH, 
TACS, High Speed Transfers 
Enabled, N F = f c =8 MHz 



Notes: 

1. All GPiB timings are at the pins of the 8291. 
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Appendix A 



MODIFIED STATE DIAGRAMS 

Figure A.1 presents the interface function state diagrams. 
It is derived from IEEE Std. state diagrams, with the 
following changes: 

A. Controller function omitted. 

B. Addressing modes included in T,L state diagrams. 

Note that in Mode 3, MSA, OSA are generated only after 
secondary address validity check by the microprocessor 
(APT interrupt). 

C. All remote messages sent true in each state are 
indicated. 

D. All remote multiline messages decoded are condi- 
tioned by ACDS. The multiplication by ACDS is not 
drawn to simplify the diagrams. 



c '"T), t '"W t 



Ham 



eft 



'o n 



E. The symbol 



X 



■0 



indicates: 

1. When event X occurs, the function will return to 
state S. 

2. X overrides any other transition condition in the 
function. 

Statement 2 simplifies the diagram, avoiding the explicit 
use of X to condition all transitions from S to other states. 




ATN + F1 
(WITHIN t 2 ) 



F1 = TACS + SPAS 




•THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 



F2 = ATN + LACS + LADS 
F3 = ATN + rdy 
T3' = T3 • CPT • APT 



Figure A.1. 8291 State Diagrams (Continued next page) 
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ton + MTA • MODE 1 



IFC 

(WITHIN t 4 l 




ar >9e. 0rn <> 



F4 = OTA + (OSA • TPAS + MSA • LPAS) 



MODE 1 + MLA- MODE 1 



END IF DAB = EOS 







IFC (WITHIN t 4 ) 




PCG • MLA 




GTL • LADS 



F5 - (MLA • MODE 1 + LPAS • MSA • MODE 1 ) 



Figure A.1. 8291 State Diagrams (Continued next page) 




Figure A.1. 8291 State Diagrams 



Appendix B 

IEEE 488 TIME VALUES 



Time Value 
Identifier* 


Function (Applies to) 


Description 


Value 


Ti 


SH 


Settling Time for Multiline Messages 


>2 M st 


t 2 


LC,iC,SH,AH,T,L 


Response to ATN 


< 200ns 


T 3 


AH 


Interface Message Accept Time* 


> 08 


t4 


T,TE,L,LE,C,CE 


Response to IFC or REN False 


< 100/iS 


tfi 


PP 


Response to ATN+EOI 


< 200ns 


T 6 


C 


Parallel Poll Execution Time 


> 2ms 


T 7 


c 


Controller Delay to Allow Current Talker 
to see ATN Message 


> 500ns 


T 8 


c 


Length of IFC or REN False 


> 100/nS 


Tg 


c 


Delay for EOI** 


> 1.5/KStt 



* Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 

t If three-state drivers are used on the DIO, DAV, and EOI lines, Ti may be: 

1. > 1100ns 

2. Or > 700ns if it is known that within the controller ATN is driven by a three-state driver. 

3. Or > 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in 
accordance with (1) or (2). 

4. Or > 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in 
Section 5.2.3 and warning note. See IEEE Standard 488. 

+ Time required for interface functions to accept, not necessarily respond to interface messages. 

8 Implementation independent. 

** Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states, 

ft > 600ns for three-state drivers. 
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Appendix C "'''^fytytoj. 



THE THREE WIRE HANDSHAKE 



DATA 



X 



X 



DAV 



VALID 



NRFD 



ALL READY 



NDAC 



DATA TRANSFER 
BEGINS 



NONE READY 



SOME 
ACC 



I ALL 
I READY 



SOME 
READY 



ALL 

ACC 



TRANSFER 
ENDS 



Figure C.1. 3-Wire Handshake Timing. 



23 

A 1 





YES 


ERROR 




CONDITION 



PUT OR CHANGE 
DATA ON 
DATA LINES 



END 




SET NRFD HIGH 





FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 



Figure C.2. Handshake Flowchart. 
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Appendix D 

FUNCTIONAL PARTITIONS 




DEVICE (APPARATUS) 



INTERFACE 
FUNCTIONS 



DEVICE 
FUNCTIONS 



— d\ - 
TV ~- 



N 



V 

\ 

-i N 



(8292 ONLY) 



\ 



DT 



SR 



— — OR -~ZZ 
LE " 



T 

OR TE 



AH 



SH 







-N 



MESSAGE 
CODING 




V 7 



MCS" 
SYSTEM 



8291 

A - CAPABILITY DEFINED BY THE 488-1975 STANDARD. 
B - CAPABILITY DEFINED BY THE DESIGNER. 

1 - INTERFACE BUS SIGNAL LINES. 

2 - REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS. 

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS. 

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 

5 - LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE 

FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE 
DESIGNER'S CHOICE). 

6 - CONTROL MESSAGES (8292 ONLY). 



Figure D.1. Functional Partition Within a Device. 



INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 

Printed in U.S.A./0978-T-203-CG 
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GPIB CONTROLLER 



FEATURES: 

■ Complete IEEE Standard 488 Controller 
Function. 

■ Interface Clear (IFC) Sending Capability 
Allows for Seizure of Control and/or 
Initialization of the Bus. 

■ Responds to Service Requests (SRQ). 

■ Sends (REN), Allowing Instruments to 
Switch to Remote Control. 



■ Complete Implementation of Transfer 
Control Protocol. 

■ Synchronous Control Seizure Prevents 
the Destruction of any Data 
Transmission in Progress. 

■ Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller. 



The 8292 GPIB CONTROLLER is a microprocessor-controlled chip designed to connect with the 8291 
GPIB TALKER/LISTENER to implement the full IEEE Standard 488 controller function, including transfer 
control protocol. The 8292 is a pre-programmed UPI-41AT M 



PIN CONFIGURATION 



8291, 8292 SYSTEM DIAGRAM 



IFCR C 

xi C 

X2 C 
RESET C 
NC C 
CS C 
GND C 
RD C 
Ao C 
WR C 
SYNC C 
DO C 
D1 C 
D2 □ 
D3 C 
D4 C 
05 C 
D6 L 
D7 C 
VSS C 



1 

2 
3 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



8292 



40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 □ 
23 □ 
22 □ 
21 □ 



□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 



vcc 

COUNT 

REN 

DAV 

(BFi 

OBFI 

EOT 

SPI 

TCI 

CIC 

NC 

ATNO 

NC 

CLTH 

NC 

NC 

SYC 

IFC 

atnt 

SRQ 



MICROPROCESSOR SYSTEM BUS 



7 



I 8257 i 

, DMA 

1 CONTROLLER ' 

I (OPTIONAL] | 



8291 

GPIB 
TALKER/ 
LISTENER 



7\ 



8292 
GPIB 
CONTROLLER 



7^ 



C 




GENERAL PURPOSE INTERFACE BUS 



7 
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PIN DESCRIPTION 

Symbol I/O Pin No. 



Function 



D -D 7 I/O 12-19 



CS I 6 

RD I 8 

WR I 10 



RESET I 4 
DAV I/O 37 



ATNI I 22 



CIC O 31 



EOI I/O 34 



IFC I/O 23 

SYC I 24 
OBFI O 35 



IBFI O 36 



8 bidirectional lines used for com- 
munication between the central 
processor and the 8292's data bus 
buffers and status register. 
Address Line— Used to select be- 
tween the data bus and the status 
register during read operations 
and to distinguish between data 
and commands written into the 
8292 during write operations. 
Chip Select Input— Used to select 
the 8292 from other devices on the 
common data bus. 
I/O write input which allows the 
master CPU to write to the 8292. 
I/O read input which allows the 
master CPU to read from the 8292. 

Used to initialize the chip to a 
known state during power on. 

DAV Handshake Line — Used only 
during parallel poll, configures to 
force the 8291 to accept the paral- 
lel poll status bits. 

Attention In— Used by the 8292 to 
monitor the GPIB ATN control line. 
It is used during "take control syn- 
chronously" execution and during 
the transfer control procedure. 

Controller In Charge— Controls 
the SIR input of the SRQ bus trans- 
ceiver. It can also be used to in- 
dicate that the 8292 is in charge of 
the bus. 

End Or Identify— One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1975. Used with ATN 
as Identify Message during paral- 
lel poll. 

Interface Clear— One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1975, places all de- 
vices in a known quiescent state. 

System Controller— Monitors the 
system controller switch. 

Output Buffer Full — Used as an in- 
terrupt to the central processor 
while the output buffer of the 8292 
is full. The feature can be enabled 
and disabled by the interrupt mask 
register. 

Input Buffer Not Full — Used to in- 
terrupt the central processor while 
the input buffer of the 8292 is 
empty. This feature is enabled and 
disabled by the interrupt mask 
register. 



Symbol I/O Pin No. 



Function 



c 



ATNO O 



29 



SRQ I 



REN O 



TCI O 



21 



38 



32 



SPI O 



CLTH O 



33 



27 



IFCR I 



COUNT 



39 



XlX 2 I 2,3 



SYNC O 11 



V cc P.S. 40 
V ss P.S. 7,20 



Attention Out— Controls the ATN 
control line of the bus through ex- 
ternal logic for tcs (take control 
synchronously) purpose. (ATN is a 
GPIB control line, as defined by 
IEEE Std. 488-1975.) 
Service Request— One of the IEEE 
control lines. Sampled by the 8292 
when it is controller in charge, if 
true— SPI interrupt to the monitor 
will be generated. 
The Remote Enable bus signal 
selects remote or local control of 
the device on the bus. A GPIB bus 
management line, as defined by 
IEEE Std. 488-1975. 
Task Complete Interrupt— Inter- 
rupt to the control processor used 
to indicate that the task requested 
was completed by the 8292 and the 
information requested is ready in 
the data bus. 

Special Interrupt— Used as an in- 
terrupt on events not initiated by 
the central processor. 
CLEAR LATCH Output— Used to 
clear the IFCR after recognized by 
the 8292. Usually low (except after 
hardware Reset ), will be pulsed 
low when IFCR is recognized by 
the 8292. 

IFC Received (latched)— The 8292 
monitors the IFC Line (when not 
system controller) through this 
pin. 

Count Input— When enabled by 
the proper command the internal 
counter will count external events 
through this pin. High to low tran- 
sition will increment the internal 
counter by one. The pin is sampled 
once per three internal instruction 
cycles (7.5 ^sec when using 6 MHz 
XTAL). It can be used for byte 
counting when connected to 
NDAC line, or for block counting 
when connected to the EOI line. 
Inputs for a crystal, LC or an ex- 
ternal timing signal to deter- 
mine the internal oscillator fre- 
quency. 

8041A instruction cycle syn- 
chronization signal; it is an out- 
put clock with a frequency of 
XTAL- 15. 
+ 5V supply input. 
Circuit ground potential. 



intel 



U.S. AND CANADIAN DISTRIBUTORS 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



ALABAMA 

fHamilton/Avnet Electronics 
805 Oser Drive NW 
Huntsville 35805 
Tel: (205) 837-7210 
Pioneer 

1207 Putman Drive NW 
Huntsville 35805 
Tel: (205) 837-9300 

ARIZONA 

tHamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7851 
tLiberty/Arizona 
8155 N. 24th Avenue 
Phoenix 85021 
Tel: (602) 249-2232 
TELEX: 910-951-4282 

CALIFORNIA 

tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714) 754-6111 
tHamilton/Avnet Electronics 
575 E. Middlefield Road 
Mountain View 94040 
Tel: (415) 961-8600 
tHamilton/Avnet Electronics 
8917 Complex Drive 
San Diego 92123 
Tel: (714) 279-2421 
tHamilton Electro Sales 
10912 W. Washington Boulevard 
Culver City 90230 
Tel: (213) 558-2121 
tLiberty Electronics 
124 Maryland Street 
El Segundo 90245 
Tel: (213) 322-5059 
TWX: 910-348-7140 

tLiberty/San Diego 
8284 Mercury Court 
San Diego 92111 
Tel: (714) 565-9171 
TELEX: 910-335-1590 
tElmar Electronics 
2288 Charleston Road 
Mountain View 94040 
Tel: (415) 961-3611 
TELEX: 910-379-6437 

COLORADO 

tElmar/Denver 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303) 287-9611 
TWX: 910-936-0770 
tHamilton/Avnet Electronics 
5921 No. Broadway 
Denver 80216 
Tel: (303) 534-1212 

CONNECTICUT 

tCramer/Connecticut 
12 Beaumont Road 
Wallingford 06492 
Tel: (203)265-7741 
tHamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 
tHarvey Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 



FLORIDA 

Arrow Electronics 
1001 N.W. 62nd Street 
Suite 402 

Ft. Lauderdale 33309 

Tel: (305) 776-7790 

Arrow Electronics 

115 Palm Bay Road, NW 

Suite 10 

Palm Bay 32905 

Tel: (305) 725-1480 

tHamilton/Avnet Electronics 

6800 Northwest 20th Ave. 

Ft. Lauderdale 33309 

Tel: (305) 971-2900 

tPioneer 

6220 S. Orange Blossom Trail 

Suite 412 

Orlando 32809 

Tel: (305) 859-3600 

Hamilton/Avnet 

3197 Tech. Drive N. 

St. Petersburg 33702 

Tel: (813) 576-3930 

GEORGIA 

Arrow Electronics 
3406 Oak Cliff Road 
Doraville 30340 
Tel: (404) 455-4054 
tHamilton/Avnet Electronics 
6700 I 85, Access Road, #11 
Norcross 30071 
Tel: (404) 448-0800 

ILLINOIS 

tCramer/Chicago 
1911 So. Busse Rd. 
Mt. Prospect 60056 
Tel: (312) 593-8230 
tHamilton/Avnet Electronics 
3901 No. 25th Ave. 
Schiller Park 60176 
Tel: (317) 849-7300 
Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove Village 60006 
Tel: (312) 437-9680 

INDIANA 

tPioneer/lndiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
Sheridan Sales 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 

tHamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913) 888-8900 

MARYLAND 

tHamilton Avnet 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5684 
tPioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

fCramer Electronics Inc. 
85 Wells Avenue 
Newton 02159 
Tel: (61 7) 969-7700 



MASSACHUSETTS (continued) 

tHamilton/Avnet Electronics 
100 E. Commerce Way 
Woburn 01801 
Tel: (617) 933-8000 

MICHIGAN 

tSheridan Sales Co. 
24543 Indoplex Circle 
Farmington Hills 48024 
Tel: (313) 477-3800 

tPioneer/Michlgan 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

MINNESOTA 

t Industrial Components 

5280 West 74th Street 

Minneapolis 55435 

Tel: (612) 831-2666 

tCramer/Bonn 

5424 Edina Industrial Blvd. 

Edina 55435 

Tel: (612) 835-7811 

tHamilton/Avnet Electronics 

7683 Washington Avenue So. 

Edina 55435 

Tel: (612) 941-3801 

MISSOURI 

tHamilton/Avnet Electronics 
364 Brookes Drive 
Hazelwood 63042 
Tel: (314) 731-1144 
Sheridan Sales 
220 S. Hwy 67, Suite 10 
Florissant 63031 
Tel: (314) 837-5200 

NEW JERSEY 

Arrow Electronics 

Pleasant Valley Avenue 

Moorestown 08057 

Tel: (215) 928-1800 

Arrow Electronics 

285 Midland Avenue 

Saddlebrook 07662 

Tel: (201) 797-5800 

tHamilton/Avnet Electronics 

218 Little Falls Road 

Cedar Grove 07009 

Tel: (201) 239-0800 

TWX: 710-994-5787 

tHarvey Electronics 

389 Passaic Avenue 

Fairfield 07006 

Tel: (201) 227-1262 

tHamilton/Avnet Electronics 

113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel 08057 

Tel: (609) 234-1233 

TWX: 710-897-1405 

NEW MEXICO 

Alliance Electronics Inc. 
11728 Linn Ave., N.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
tHamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 



tMicrocomputer System Technical Demonstrator Centers 
"Microcomputer Systems Spares Order Point 



U.S. AND CANADIAN DISTRIBUTORS 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



NEW YORK 

Harvey Electronics 

P.O. Box 1208 

Binghampton 13902 

Tel: (607) 748-8211 

Arrow Electronics 

900 Broad Hollow Road 

Farmingdale 11735 

Tel: (516) 694-6800 

tCramer/Rochester 

3000 South Winton Road 

Rochester 14623 

Tel: (716) 275-0300 

tHamilton/Avnet Electronics 

167 Clay Road 

Rochester 14623 

Tel: (716) 442-7820 

tCramer/Syracuse 

6716 Joy Road 

East Syracuse 13057 

Tel: (315) 437-6671 

tHamilton/Avnet Electronics 

6500 Joy Road 

E. Syracuse 13057 

Tel: (315) 437-2641 

tHamilton/Avnet Electronics 

70 State Street 

Westbury, L.I. 11590 

Tel: (516) 333-5800 

TWX: 510-222-8237 

tHarvey Electronics 

60 Crossways Park West 

Woodbury 11797 

Tel: (516) 921-8700 

NORTH CAROLINA 

Pioneer/Carolina 
2906 Baltic Avenue 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 
tHamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh 27609 
Tel: (919) 829-8030 
Arrow Electronics 
1377-G S. Park Drive 
Kernersville 27284 
Tel: (919) 996-2039 

OHIO 

tSheridan Sales Co. 

2501 Netf Road 

Dayton 45414 

Tel: (513) 223-3332 

Sheridan Sales Co. 

23224 Commerce Park Road 

Beachwood 44122 

Tel: (216) 831-0130 

tHamilton/Avnet Electronics 

954 Senate Drive 

Dayton 45459 

Tel: (513) 433-0610 

TWX: 810-450-2531 

tPioneer/Dayton 

1900 Troy Street 

Dayton 45404 

Tel: (513) 236-9900 

tSheridan Sales Co. 

P.O. Box 37856 

Cincinnati 45222 

Tel: (513) 761-5432 

TWX: 810-461-2670 

tPioneer/Cleveland 

4800 E. 131st Street 

Cleveland 44105 

Tel: (216) 587-3600 

tHamilton/Avnet Electronics 

761 Beta Drive, Suite E 

Cleveland 44143 

Tel: (216) 461-1400 



OHIO (continued) 

tSheridan Sales Co. 
701 Beta Drive 
Mayfieldville 44143 
Tel: (216) 461-3300 

OKLAHOMA 

tComponents Specialties, Inc. 

7920 E. 40th Street 

Tulsa 74145 

Tel: (918) 664-2820 

OREGON 

tAlmac/Stroum Electronics 
4475 S.W. Scholls Ferry Rd. 
Portland 97225 
Tel: (503) 292-3534 

PENNSYLVANIA 

tSheridan Sales Co. 

4297 Greensburgh Pike, Suite 3114 

Pittsburgh 15221 

Tel: (412) 351-4000 

Pioneer/Pittsburgh 

560 Alpha Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 

Pioneer/Delaware Valley 

141 Gibraltar Road 

Horsham 19044 

Tel: (215) 674-4000 

TWX: 510-665-6778 

TENNESSEE 

tSheridan Sales Co. 
6900 Office Park Circle 
Knoxville 37919 
Tel: (615) 588-5836 

TEXAS 

Component Specialties Inc. 

8330 Burnett Road, Suite 101 

Austin 78758 

Tel: (512) 459-3308 

tCramer Electronics 

13740 Midway Road 

Dallas 75240 

Tel: (214) 661-9300 

tHamilton/Avnet Electronics 

4445 Sigma Road 

Dallas 75240 

Tel: (214) 661-9300 

tHamilton/Avnet Electronics 

3939 Ann Arbor 

Houston 77063 

Tel: (713) 780-1771 

tComponent Specialties, Inc. 

10907 Shady Trail, Suite 101 

Dallas 75220 

Tel: (214) 357-6511 

tComponent Specialties, Inc. 

8585 Commerce Park Drive, Suite 590 

Houston 77036 

Tel: (713) 771-7237 

UTAH 

tHamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, 84119 
Tel: (801) 972-2800 

WASHINGTON 

tHamilton/Avnet Electronics 
14212 N.E. 21st 
Bellevue 98005 
Tel: (206) 746-8750 

tAlmac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206) 763-2300 



WASHINGTON (continued) 

tLiberty Electronics 
1750 132nd Avenue NE 
Bellevue 98005 
Tel: (206) 763-8300 

WISCONSIN 

Arrow Electronics 
434 W. Rawson Avenue 
Oak Creek 53154 
Tel: (414) 764-6600 
tHamilton/Avnet 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784-4510 



CANADA 

ALBERTA 

tL. A. Varah Ltd. 
4742 14th Street N.E. 
Calgary T2E 6L7 
Tel: (403) 276-8818 
Telex: 13 825 89 77 

BRITISH COLUMBIA 

tL.A. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 
Telex: 04 53167 

Zentronics 
8325 Fraser Street 
Vancouver V5X 3X8 
Tel: (604) 325-3292 
Telex: 04-5077-89 

MANITOBA 

L. A. Varah 

1-1832 King Edward Street 
Winnipeg R2R 0N1 
Tel: (204) 633-6190 

ONTARIO 

tL.A. Varah, Ltd. 
505 Kenora Avenue 
Hamilton L8E-3P2 
Tel: (416) 561-9311 
TELEX: 061-8349 
tHamilton/Avnet Electronics 
3688 Nashua Drive, Units G & H 
Mississauga L4V IM5 
Tel: (416) 677-7432 
TWX: 610-492-8867 
tHamilton/Avnet Electronics 
1735 Courtwood Cresc. 
Ottawa K2C 3J2 
Tel: (613) 226-1700 
TWX: 610 562-1906 

tZentronics 

141 Catherine Street 

Ottawa, Ontario K2P 1C3 

Tel: (613) ?38-6411 

tZentronics 

99 Norfinch Dr. 

Downsview, Ontario M3N 1W8 

Tel: (416) 635-2822 

Telex: 02-021694 

QUEBEC 

tHamilton/Avnet Electronics 

2670 Paulus Street 

St. Laurent H4S1G2 

Tel: (514) 331-6443 

TWX: 610-421-3731 

Zentronics 

8146 Montview Road 

Town of Mt. Royal 

Montreal H4P 2L7 
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INTERNATIONAL SALES AND MARKETING OFFICES 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 967-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



EUROPEAN MARKETING OFFICES 

BELGIUM 

Intel International" 
Rue du Moulin a Papier 
51-Boite 1 
B-1160 Brussels 
Tel: (02) 660 30 10 
TELEX: 24814 

FRANCE 

Intel Corporation, S.A.R.L.* 
5 Place de la Balance 
Sllic 223 

94528 Rungis Cedex 
Tel: (01) 687 22 21 
TELEX: 270475 



ORIENT MARKETING OFFICE 

JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East Bldg. 

1-23-9, Shinmachi, Setagaya-ku 

Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 



ISRAEL 

Intei Semiconductor Ltd. 
P.O. Box 1659 
Haifa 

Tel: 972/452 4261 
TELEX: 92246511 

NETHERLANDS 

Intel Semiconductor Nederland B.V. 
Cometongebouw 
Westblaak 106 
3012 Km Rotterdam 
Tel: (10) 149122 
TELEX: 22283 

SCANDINAVIA 

Intel Denmark A/S* 
Lyngbvvej 32 2nd Floor 
DK-2100 Copenhagen East 
Tel: (01) 18 20 00 
TELEX: 19567 
Intel Sweden AB' 
Box 20092 
Enighelsvagen, 5 
S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 



SCANDINAVIA (continued) 

Intel Scandinavia A/S 
P.O. Box 158 
N-2040 

Klolta. Norway 
Tel: 47 2/981068 
TELEX: 18018 
Intel Scandinavia A/S 
P.O. Box 17 
Sentnerikuja, 3 
SF-00400 
Helsinki, Finland 
Tel: 358 0/55 85 31 
TELEX: 123332 

ENGLAND 

Intel Corporation (U.K.) Ltd." 

Broadfield House 

4 Between Towns Road 

Cowley. Oxford OX4 3NB 

Tel: (0865) 77 14 31 

TELEX: 837203 

Intel Corporation (U.K.) Ltd. 

46-50 Beam Street 

Nantwich, Cheshire CW5 5LJ 

Tel: (0270) 62 65 60 

TELEX: 36620 



ITALY 

Intel Corporation Italia, S.P.A. 
Corso Sempione 39 
1-20145 Milano 
Tel: 39 2/34 90 176 
TELEX: 311271 

GERMANY 

Intel Semiconductor GmbH" 

Seidlstrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 

Intel Semiconductor GmbH 

Abraham Lincoln Strasse30 

6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 

Wernerstrasse 67 

P.O. Box 1460 

7012 Fellbach 

Tel: (0711) 580082 

TELEX: 7254826 

Intel Semiconductor GmbH 

Hindenburger Strasse 28/29 

3000 Hannover 

Tel: (0511) 852051 

TELEX: 923625 



INTERNATIONAL DISTRIBUTORS 



S.I.E.S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Buenos Aires 
Tel: 35-6784 

AUSTRALIA 

A.J.F. Systems & Components 

PTY. LTD. 

44 Prospect Rd. 

Prospect 5082 

South Australia 17005 

Tel: 269-1244 

TELEX: 82635 

A.J.F. Systems 8, Components 

PTY. LTD. 

29 Devlin St. 

Ryde. N.S.W. 2112 

Tel: (02) 807-6878 

TELEG: 24906 

A.J.F. Systems & Components 
PTY. LTD. 

310 Queen St. Melbourne, 
Victoria 3000 
Tel: (03) 679-702 
TELEX: 30270 

Warburton-Franki (Sydney) Ply. Ltd. 
199 Parramatta Road 
Auburn. N.S.W. 2114 
Tel: 646-1711. 648-1381 
TELEX: WARFRAN AA 22265 
Warburton-Franki Industries 
(Melbourne) Pty. Ltd. 
220 Park Street 

South Melbourne, Victoria 3205 
Tel: 699-4999 

TELEX: WARFRAN AA 31370 
Warburton Franki, Pty. Ltd. 
322 Grange Road, Kidman Park 
South Australia 5025 
Tel: 356-7333 

TELEX: WARFRAN AA 92908 
Warburton Franki (Perth) Pty. Ltd. 
98-102 Belgravia St., Belmont 
Western Australia 6104 
Tel: 356-7000 

TELEX: WARFRAN AA 92908 
Warburton Franki (Brisbane) Pty. Ltd. 
13 Chester St.. Fortitude Valley 
Queensland 4006 
TELEX: WARFRAN AA 41052 

AUSTRIA 

Bacher Elektronische Geraete GmbH 
Rotenmulgasse 26 
A 1120 Vienna 
Tel: (0222) 83 63 96 
TELEX: (01) 1532 

Rekirsch Elektronik Geraete GmbH 
Gottfried-Keller-Gassa, 29 
A1030 Vienna 
Tel: (222) 734394 
TELEX: 74759 

BELGIUM 

Inelco Belgium S.A. 
Avenue Val Duchesse. 3 
B-1160 Brussels 
Tel: (02) 660 00 12 
TELEX: 25441 

BRAZIL 

Jeotron S.A. 

05110-Av. Mutinga 3650 

6 Andar 

Piriluba-Sao Paulo 

Tel: 261-0211 

TELEX: (011) 222 ICO BR 

CHILE 

Intellec 

P.O. Box 13317 

Dr. Sotero Del Rio 326 

Oficina 903 

Santiago 1 

Tel: 723740 



COLOMBIA 

Video National 
Diagonal 34, No. 5-62 
Apartado Aereo 27599 
Bogota 
Tel: 36-37 

TELEX: 43439 VINAT 
DENMARK 

Lyngso Komponent A/S 
Ostmarken 4 
DK-2860 Soborg 
Tel: (01) 67 00 77 
TELEX: 22990 

Scandinavian Semiconductor 
Supply A/S 
Nannasgade 18 
DK-2200 Copenhagen N 
Tel: (01) 83 50 90 
TELEX: 19037 

FINLAND 

Oy Finlronic AB 
Loennrotinkatu 35D 
SF 00180 
Helsinki 18 
Tel: (80) 601155 
TELEX: 123107 
Oy Softplan AB 
Skilinadsgatan 9A 
SF-00130 Helsinki, 13 
Tel: 80-644306 
TELEX: 12579 

FRANCE 

Celdis 

53, Rue Charles Frerot 

94250 Gentilly 

Tel: 581 00 20-591 04 69 

TELEX: 200 485 F 

Metrologie 

La Tour d'Asnieres 

4, Avenue Laurent Cely 

92606-Asnieres 

Tel: 791 44 44 

TELEX: 611 448 F 

Tekelec Airtronic' 

Cite des Bruyeres 

Rue Carle Vernet 

92310 Sevres 

Tel: (1) 027 75 35 

TELEX: 204552 

GERMANY 

Alfred Neye Enatechnik GmbH 

Schillerstrasse 14 

D-2085 Quickborn-Hamburg 

Tel: (04106) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 

Neumarkter Strasse 75 

D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX: 522561 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 

TELEX: 484426 

HONG KONG 

China Electronics 

Sea Bird House. 9th Floor 

22-28 Wyndham Street 

Hong Kong 

Tel: 520687 

INDIA 

Micro Electronics International 

1 0-2-289/1 14A 

Shantinager 

Hyderabad 500028 

CABLE: MELECTRO-HYDERBAD 



ISRAEL 

Eastronics Ltd." 
11 Rozanis Street 
P.O. Box 39330 
Tel-Aviv 61390 
Tel: 475151 
TELEX: 33638 

ITALY 

Eledra3S S.P.A." 
Viale Elvezia, 18 
20154 Milan, 
Tel: (02) 3493041 
TELEX: 39332 
Eledra3S S.P.A." 
Via Paolo Galdano, 141 D 
10137 Torino 

TEL: (011)30 97 097-30 97 114 

TELEX: 210632 

Eledra3S S.P.A." 

Via Giuseppe Valmarana, 63 

00139 Rome. Italy 

Tel: (06) 81 27 290-81 27 324 

TELEX: 612051 

JAPAN 

Tokyo Electron Labs, Inc. 
No. 1 Higashikata-Machi 
Midori-Ku. Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 
Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 

Chuo-Ku. Tokyo 104 

Tel: (03) 543-7711 

Nippon Micro Computer Co. Ltd. 

Mutsumi Bldg. 4-5-21 Kojimachi 

Chiyoda-ku, Tokyo 102 

Tel: (03) 230-0041 

KOREA 

Koram Digital 
Room 411 Ahil Bldg. 
49-4 2-GA Hoehyun-Dong 
Chung-Ku Seoul 
Tel: 23-8123 
CABLE: CHEJU 26364 
Leewood International, Inc. 
C.P.O. Box 4046 
112-25, Sokong-Dong 
Chung-Ku, Seoul 100 
Tel: 28-5927 

CABLE: "LEEWOOD" Seoul 

NETHERLANDS 

C.N. Rood BV 
Cort Vender 
Lindenstraat, 13 
Postbus 42 
Rijswiik2280 AA 
Tel: 070-996360 
TELEX: 31238 
Inelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 

Glenn Innes, Auckland, 6 

Tel: 587-037 

TELEX: NZ2763 KOSFY 

NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-Oslo 2 

Tel: (02) 55 38 93 
TELEX: 16963 

PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 
Tel: 119 45 313 



SINGAPORE 

General Engineers Associates 

Blk 3, 1003-1008 

P.S.A. Multi-Story Complex 

Telok Blangah/Paslr Panjang 

Singapore 5 

Tel: 271-3163 

CABLE: GENEERCORP 

SOUTH AFRICA 

Electronic Building Elements 

P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 

SPAIN 

Interface' 

Ronda San Pedro 22 
Barcelona 10 
Tel: 301 78 51 
TELEX: 51508 IFCE E 
ITT SESA 
Miguel Angel 16 
Madrid 10 
Tel: (1)410 2354 
TELEX: 27707 

SWEDEN 

Nordisk Electronik A6 
Sandhamnsgatan 71 
S-102 54 Stockholm 
Tel: (08) 635040 
TELEX: 10547 

SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck80-21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 56788 

TAIWAN 

Taiwan Automation Co." 
2nd Floor, 224 
Nanking East Road 
Section 3 
Taipei 

Tel: (02) 7710940-3 
TELEX: 11942 TAIAUTO 

UNITED KINGDOM 

G.E.C. Semiconductors Ltd, 

East Lane 

North Wembly 

Middlesex HA9 7PP 

Tel: (01)904-9303 

TELEX: 923429 

Jermyn Industries 

Vestry Estate 

Sevenoaks. Kent 

Tel: (0732) 51174 

TELEX: 95142 

Sintrom Electronics Ltd.* 

Arkwright Road 

Reading, Berkshire RG2 0LS 

Tel: (0734) 85464 

TELEX: 847395 

Rapid Recall, Ltd. 

6 Soho Mills Ind. Park 

Woburn Green 

Bucks, England 

Tel: Bournd End 24961 

TELEX: 849439 

VENEZUELA 

Componentes y Circuitos 

Electronicas TTLCA C.A. 
Apartado 3223 
Caracas 101 
Tel: 35-5591 
TELEX: TAMER 24157 



'Field Application Location 
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3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 



ALABAMA 

Intel Corp. 

3322 S. Parkway, Ste. 71 
Holiday Office Center 
Huntsville 35802 
Tel: (205) 883-2430 
Glen White Associates 
3502 9th Avenue 
Huntsville 35805 
Tel: (205) 883-9394 
rPen-Tech Associates, Inc. 
Holiday Office Center 
3322 S. Memorial Pkwy. 
Huntsville 35801 
Tel: (205) 533-0090 

ARIZONA 

Intel Corp. 

8650 N. 35th Avenue, Suite 101 
Phoenix 85021 
Tel: (602) 242-7205 
tBFA 

4426 North Saddle Bag Trail 
Soottsdale 85251 
Tel: (602) 994-5400 

CALIFORNIA 

Intel Corp. 

7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714) 268-3563 
Intel Corp." 
1651 East 4th Street 
Suite 105 
Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 
Intel Corp." 
15335 Morrison 
Suite 345 

Sherman Oaks 91403 
(213) 986-9510 
TWX: 910-495-2045 
Intel Corp.* 
3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-8086 
TWX: 910-339-9279 
TWX: 910-338-0255 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 

San Diego 92111 
Tel: (714) 287-5441 
Mac-I 

2576 Shattuck Ave, 
Suite 4B 
Berkeley 94704 
Tel: (415) 843-7625 
Mac-I 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Mac-I 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-I 

20121 Ventura Blvd., Suite 240E 
Woodland Hills 91364 
Tel: (213) 347-5900 

COLORADO 

Intel Corp.* 

6000 East Evans Ave. 

Bldg. 1, Suite 260 

Denver 80222 

Tel: (303) 758-8086 

TWX: 910-931-2289 

fWestex 

27972 Meadow Drive 
P.O. Box 1355 
Evergreen 80439 
Tel: (303) 674-5255 

CONNECTICUT 

Intel Corp. 
Peacock Alley 

1 Padanaram Road, Suite 146 
Danbury 06810 
Tel: (203) 792-8366 
TWX: 710-456-1199 

FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street. Suite 406 
Ft. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 

5151 Adanson Street, Suite 203 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810-853-9219 
tPen-Tech Associates, Inc. 
201 S.E. 15th Terrace, Suite F 
Deerfield Beach 33441 
Tel: (305) 421-4989 



U.S. AND CANADIAN SALES OFFICES 



i Pen-Tech Associates, Inc. 
111 So. Maitland Ave., Suite 202 
Maitland 32751 
Tel: (305) 645-3444 

GEORGIA 

jPen-Tech Associates. Inc. 
Suite 305 C 

2101 Powers Ferry Road 
Atlanta 30339 
Tel: (404) 955-0293 

ILLINOIS 

Intel Corp." 
900 Jorie Boulevard 
Suite 220 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910-651-5881 
f Dytek-Central, Inc. 
121 So. Wilke Road 
Suite 304 

Arlington Heights 60005 
Tel: (312) 394-3380 
TWX: 910-687-2267 

INDIANA 

Electro Reps Inc. 

941 E. 86th Street, Suite 101 

Indianapolis 46240 

Tel: (317) 255-4147 

TWX: 810-341-3217 

IOWA 

Technical Representatives. Inc. 

St. Andrews Building 

1930 St. Andrews Drive N.E. 

Cedar Rapids 52405 

Tel: (319) 393-5510 

KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite #100 
Lenexa 66214 
Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 

KENTUCKY 

iLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (606) 269-6329 

MARYLAND 

Intel Corp." 

7257 Parkway Drive 

Hanover 21076 

Tel: (301) 796-7500 

TWX: 710-862-1944 

Glen White Associates 

57 W. Timonium Road, Suite 307 

Timoiium 21093 

Tel: (301) 252-6360 

■fMesa Inc. 

11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 881-8430 
Balto. (301) 792-0021 

MASSACHUSETTS 

Intel Corp." 

187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 667-8126 
TWX: 710-343-6333 
^Computer Marketing, Inc. 
257 Crescent Street 
Waltham 02154 
Tel: (617) 894-7000 

MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 2 31143 
tLowry & Associates, Inc. 
135 W. North Street 
Suite 4 

Briqhton 48116 
Tel: (313) 227-7067 

MINNESOTA 

Intel Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 
Tel: (612) 835-6722 
TWX: 910-576-2867 
fDytek North 
1821 University Ave. 
Room 163N 
St Paul 55104 
Tel: (612) 645-5816 



MISSOURI 

Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tel: (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 

Intel Corp. 

1 Metroplaza Office Bldg. 
505 Thornall St. 

Edison 08817 

Tel: (201) 494-5040 

TWX: 710-480-6238 

NEW MEXICO 

BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 871 1 1 
Tel: (505) 292-1212 
TWX: 910-989-1157 

NEW YORK 

Intel Corp." 

350 Vanderbilt Motor Pkwy. 

Suite 402 

Hauppauge 11787 

Tel: (516) 231-3300 

TWX: 510-227-6236 

Intel Corp. 

80 Washington St. 

Poughkeepsie 12601 

Tel: (914) 473-2303 

TWX: 510-248-0060 

Intel Corp. 

474 Thurston Road 

Rochester 14619 

Tel: (716) 328-7340 

TWX: 510-253-3841 

tMeasurement Technology, Inc. 

159 Northern Boulevard 

Great Neck 11021 

Tel: (516) 482-3500 

T-Squared 

4054 Newcourt Avenue 
Syracuse 13206 
Tel: (31 5) 463-8592 
TWX: 710-541-0554 
: T-Squared 

2 E. Main 
Victor 14564 

Tel: (716) 924-9101 
TELEX: 97-8289 

NORTH CAROLINA 

tPen-Tech Associates, Inc. 
P.O. Box 5382 
Highpoint 27262 
Tel: (919) 883-9125 
Glen White Associates 
3700 Computer Drive 
Suite 330 
Raleigh 27609 
Tel: (919) 787-7016 

OHIO 

Intel Corp.* 

8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TWX: 810-450-2528 
Intel Corp.* 

Chagrin-Brainard Bldg. i201 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 
Lowry & Associates, Inc. 
24200 Chagrin Blvd. 
Suite 320 
Cleveland 44122 
Tel: (216)464-8113 
tLowry & Associates, Inc. 
1524 Marsetta Drive 
Dayton 45432 
Tel: (513) 429-9040 
tLowry & Associates, Inc. 
1050 Freeway Dr.. N. 
Suite 209 
Columbus 43229 
Tel: (614) 436-2051 

OREGON 

ES/Chase Company 
4095 SW 144th St. 
Beaverton 97005 
Tel: (503) 641-4111 



PENNSYLVANIA 

Intel Corp.* 
275 Commerce Dr. 
200 Office Center 
Suite 212 

Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-2077 
tLowry & Associates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (412) 922-5110 
tQ.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 674-9600 

TENNESSEE 

Glen White Associates 
Rt. #12, Norwood S/D 
Jonesboro 37659 
Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842-7799 

TEXAS 

Intel Corp." 

2925 L.B.J. Freeway 

Suite 175 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 

Intel Corp.* 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: (713) 784-3400 

Mycrosystems Marketing Inc. 

13777 N. Central Expressway 

Suite 405 

Dallas 75243 

Tel: (214) 238-7157 

TWX: 910-867-4763 

Mycrosystems Marketing Inc. 

6610 Harwin Avenue, Suite 125 

Houston 77036 

Tel: (713) 783-2900 

UTAH 

iWestek 

3788 Brockbank Drive 
Salt Lake City 84117 
Tel: (801) 278-6920 

VIRGINIA 

Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 384-6920 
Glen White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 

WASHINGTON 

Intel Corp. 

300 120th Avenue N.E. 
Bldg. 2, Suite 202 
Bellevue 98005 
Tel: (206) 453-8086 
E.S./Chase Co. 
P.O. Box 80903 
Seattle 98198 
Tel: (206) 762-4824 
TWX: 910-444-2298 

WISCONSIN 

Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel: (414) 747-0789 



CANADA 

Intel Corp. 

Suite 233. Bell Mews 

39 Highway 7, Bell Corners 

Ottawa. Ontario K2H 8R2 

Tel: (613) 829-9714 

TELEX: 053-4419 

Multilek, Inc." 

1 5 Grenfell Crescent 

Ottawa, Ontario K2G 0G3 

Tel: (613) 226-2365 

TELEX: 053-4585 



* Field application location 

'These representatives do not offer Intel Components, 
only boards and systems. 
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